The results of studies of the influence of the material of the tool base on the formation of stresses in wear-resistant coatings of various compositions are presented. It is shown that the stresses in the coating during the cutting process depend on the properties of the material of the tool base and the composition of the coatings. The stresses change in the coatings during the cutting process is analyzed. It is shown that the use of coatings with high compressive stresses makes it possible to increase the period of resistance of plates made of hard alloy and high-speed steel.
Introduction
Wear-resistant coatings considerably increase the efficiency of the cutting tool [1] [2] [3] [4] [5] [6] . The effectiveness of using such coatings depends on both the physical and mechanical properties of the coating materials and the tool base, and on the conditions for the interaction of the cutting tool with the material being processed. All this causes the presence and change in time of internal stresses in the coating material [7] [8] [9] [10] . Thus, the determination of both the components of internal stresses, depending on various factors, and the total stress values in the coating material, is the basis for evaluating the efficiency of the cutting tool with coatings. The purpose of this work is to study the influence of the instrumental base on the stress state of wear-resistant coatings in the process of cutting.
Methodology of Experiment
Wear-resistant coatings with a thickness of 5 mcm TiN, TiZrN, TiZrAlN, TiZrCrN were applied to the Bulat-6 machine installation on plates made of hard MK8 alloy and highspeed steel P6M5K5. The chemical composition was selected according to the recommendations of [10] . Residual compressive stresses σ0 were investigated on the ДРОН-3M diffractometer according to the method of [11] , the Young's modulus E was determined by the method of [12] .
Determination of contact characteristics -specific loads and temperatures at the front and rear surfaces of the cutting tool -was carried out according to the methods described in [13, 14] . Calculations were carried out based on the experimentally obtained data of the cutting process: the lengths of the contact of the chips with the front surface, which make up the cutting forces; coefficient of chip shortening. These indicators were obtained during turning processing of blanks made of structural steel 30ХГСА with cutters with replaceable plates made of hard alloy MK8 at the following conditions: speed V=180 m/min, feed S=0.15 mm/ rot, depth t=0.5 mm, and from high-speed steel P6M5K5 at the mode: V=55 m/min, S=0.3 mm/rot, t=0.75 mm. The evaluation of the thermal and stressed states in the cutting tool wedge was carried out by numerical methods of calculations using the ANSYS software package. The efficiency of the cutting tool was evaluated by the period of durability during turning processing of blanks from steel 30ХГСА.
Research Results and Discussion
The main stresses leading to the destruction of wear-resistant thin coatings are stresses acting parallel to the "coating-tool base" interface [10, 15, 16] . These normal stresses can be represented as the sum of the following terms:
where σc are the time-varying stresses resulting from the creep of the material of the tool base; σΣ are the stresses constant in time and equal to the sum of the stresses arising in the process of cutting σ1, the thermal stresses σtherm arising in the coating during cutting from the uneven distribution of temperature and the residual stress σres, formed during coating.
Stresses σ1 can be determined proceeding from the compatibility condition of the deformation of the coating and the tool base, taking into account the σtherm stresses acting on an instrumental basis, according to the formula
where E and E0 are the Young's modulus of the coating and the tool base, respectively; σx are the stresses acting in the tool base in a direction parallel to the front surface.
Thermal stresses arising in the coating as a result of thermal expansion of the coating and the tool base in the cutting process can be calculated by the formula:
where α0, α -coefficients of thermal linear expansion of the material of the tool base and coating, respectively; ΔT -the difference between the contact temperature on the front surface of the cutting tool with a coating and room temperature; ν is Poisson's ratio.
Using the compatibility condition for the deformation of the coating and the tool base, the stresses σc arising in the coating due to the creep process of the material of the tool base can be written as:
where A, k are coefficients that depend on the properties of the tool base and temperature [10] ; τ -tool life with coating.
It follows from expression (4) that at the initial instant of time the stresses σc are zero. In Fig.1 , the stress distribution σ1, σtherm, σres as well as the total stresses σΣ in the TiZrN coating on the front surface of the cutting tool are shown as an example. It is seen that the distribution of stresses in the coating is different and depends on the instrumental basis. So for a base of a hard alloy, lower stress values σres are observed than for a base of steel P6M5K5. Stresses σtherm for a hard alloy are compressive, while for highspeed steel they are tensile. Higher values of the stress σ1 in the coating deposited on the plates of P6M5K5 are related to the difference in the Young's modules of the coating and the tool base. The difference in stresses in the coatings deposited on different tool bases allows us to conclude that more favorable conditions for the coating applied to the hard alloy.
In the process of work, the creep of the tool base causes a change in the stress state of the coatings. In Fig. 2 shows the variation of the total stresses in the TiZrN coating on the front surface of the cutting tool over time. It can be seen that the middle of the chip contact with the front surface is the most dangerous place for any tool base. Here, because of the presence of high temperatures, the creep of the tool material is most intensive, which leads to a change in the stress state of the coating. Over time, stresses in the coating pass from compressive to tensile, which subsequently leads to the destruction of the coating. Comparing the influence of the instrumental basis on the change in stresses in the coating, it should be noted that the greatest increase in stress occurs in the coatings deposited on high-speed steel. The results of calculating the stresses σ1, σtherm, σres, σΣ for the investigated coatings in the most dangerous zone (in the middle of the contact length of the chips with the front surface) are shown in Table. 1. It can be seen that the composition of the coating also affects the stress values. So the lowest stresses are observed at the TiN coating. In the case of coating the carbide base, the stresses are compressive, and when deposited on high-speed steel, they are stretch-proof. Coatings of complex composition have higher values of compressive stresses. In this case, for all coatings, the influence of the tool base is similar to that discussed above. Coatings, doped simultaneously by two elements, have the greatest level of compressive stresses.
The effect of the wear-resistant coating composition on the change in the total stress σ acting in the coating at the middle of the contact length of the chips with the front surface of the cutting tool over time is shown in Fig. 3 . At the initial moment of time, the compressive stresses σ (Fig. 3, a) act in the coating applied to the hard alloy, which, over time, under the influence of the creep of the tool base, they become compressive stresses. In this case, for the coating, TiZrN, the time for the transition of stresses from compressors to tensile forces increases by a factor of 1.4 in comparison with the TiN coating. For coatings of a more complex composition, the tool operating time before the appearance of tensile stresses in the coating increases by 4.6-7.4 times. For coatings applied to the tool base of high-speed steel, there is a somewhat different situation (Fig. 3, b) . The formation of tensile total stress σ in the coating occurs after a short work of the cutting tool. This is due to the fact that for coatings applied to high-speed steel, the compressive stresses acting in them are significantly less than the stresses in coatings on a carbide tool, and in some cases are generally tensile. For coatings of complex composition, the increase in the working time of the cutting tool prior to the appearance of tensile stresses in it is 20 to 80 seconds compared with the TiZrN coating.
Higher physical-mechanical properties of coatings of complex composition, the presence of large values of compressive stresses in them lead to an increase in the operating time before the tensile stresses appear in them and ensure the subsequent operation of the cutting tool at lower tensile stresses (Fig. 3) . Such values of stresses in the material of coatings of complex composition lead to an increase in the working capacity of the cutting tool (Fig. 4) . Studies have established that the use of wear-resistant coatings makes it possible to increase the durability period of carbide-tipped plates by 2.3-4.6 times as compared with TiN coating, depending on the cutting speed. In this case, the greatest increase in the period of durability is provided by coatings of complex composition with high compressive stresses. For a tool made of P6M5K5 steel with coatings, a similar dependence is observedcoatings with high compressive stresses provide the greatest increase in the period of durability. For a high-speed tool with TiZrAlN, TiZrCrN coating, the resistance, depending on the processing speed, increases by 2.4-4.5 times.
Conclusion
The tool base has an important influence on the formation of stresses in wear-resistant coatings. The difference in both the physical-mechanical properties of the coating and tool materials and the cutting conditions determine the influence on the stress components and their variation over time. At the same time, in the coatings deposited on the hard alloy, more favorable compressive stresses are created as compared to coatings applied to the high-speed substrate. In the course of the inevitable processes of creep of the tool material during the operation of the cutting tool in coatings applied to the hard alloy, the stresses are more compressive for a longer time, and in the future, when they become stretched, they have lower values. For coatings of complex composition, applied both to the hard alloy and to the fast-cutting steel, there are large values of the compressive stresses. A higher level of compressive stresses formed in the coating leads to an increase in the operability of the cutting tool.
